Background. We challenge the oft-repeated claim that the beetles (Coleoptera) are the most 1 5 species-rich order of animals. Instead, we assert that another order of insects, the Hymenoptera, 1 6 are more speciose, due in large part to the massively diverse but relatively poorly known 1 7 parasitoid wasps. The idea that the beetles have more species than other orders is primarily based 1 8 on their respective collection histories and the relative availability of taxonomic resources, which 1 9 3 1
Why are beetles thought to be so diverse in the first place? In part, historical biases in beetle 5 0 collecting and an associated accumulation of taxonomic resources for the Coleoptera may have 5 1 had an outsized influence on our perception of diversity. In the mid-to-late 1800s, beetles were 5 2 prized among insects for their collectability. Many landed gentlemen -including, notably, 5 3
Charles Darwin -collected beetles for sport and would make a great show of comparing the sizes 5 4 of their respective collections [13, 14] . This preconception was then reinforced by studies that 5 5 extrapolated from specific, targeted collections of insect diversity that focused on beetles. Of What parasitoid-to-host ratios would suggest that the Hymenoptera are more species-rich 1 0 9 than other insect orders?
For the Hymenoptera to be the largest order of insects, the global ratio of wasp parasitoids to 1 1 1 hosts (P:H) need not -in fact -equal or exceed 1.0. Indeed, a global P:H of 1.0 (i.e., an average 1 1 2 of one unique hymenopteran parasitoid species for each other insect species) would mean that that the Hymenoptera are more species-rich than the next largest order (which, for the sake of 1 1 5 argument, we will assume is the Coleoptera). Here, we work towards finding parameters that 1 1 6 describe that space. First, it will be true that: Given these two relationships, we can substitute Eq.1 into Eq. 2: will be the sum of the number of species of Coleoptera (C) and of other for non-coleopteran insect hosts; ‫‬ = overall P:H ratio for the Coleoptera. known to attack any extra-generic host -as well as those whose host range is unknown or has 1 9 0 been incompletely studied -it is therefore an extremely conservative estimate of the overall P:H 1 9 1 ratio for an insect genus. Below, we present four case studies, representing host-parasitoid systems with records 2 0 6 sufficiently complete to allow for calculation of genus-specialist parasitoid:host ratios. For each 2 0 7 system, we focus on a single host genus in North America. We restricted geography so that 2 0 8 parasitoid numbers would not be inflated by large biogeographic differences between hosts in 2 0 9 their parasitoid assemblages. North America was chosen because sampling is relatively strong, 2 1 0 and several robust resources exist for Nearctic parasitoids (e.g., [24, 35, 36] ).
2 1 1
For each system, we searched for all literature that mentioned the name of the host genus (or 2 1 2 historical synonyms) and either "parasite" or "parasitoid" and compiled a database of records, 2 1 3 performing reticulated searches on each parasitoid species name as it was added to the database 2 1 4 in order to determine known parasitoids host ranges. From among all parasitoid records, we 2 1 5 classified parasitoids as "genus-specialists" if they had only ever been reared from hosts in this 2 1 6 same genus. We then split these "genus-specialists" into two groups: those for which an 2 1 7
argument can be made that they do not have unknown extra-generic hosts, and those that were 2 1 8 "possible genus-specialists" but for which records were less complete. Non-hymenopteran 2 1 9 1 3 parasitoids (e.g., Tachinidae) were excluded, but in any case were only present for two of the the study, and to be conservative, a parasitoid was still considered "generalist" if it occurred on 2 2 4 an extra-generic host species outside of North America. Introduced host species were noted but 2 2 5 not counted in host lists, as they do not represent long-term host-parasite relationships. Introduced parasitoid species were included in generalist lists, regardless of whether they were 2 2 7
specialists on that genus in North America or elsewhere. We describe each system below and and citations. A summary of data across the four genera can be found in Table 1 . feeding on fruit pulp [37] . For most species, larvae then exit the fruit and pupate in the soil. eleven species we assigned to the "possible genus-specialists" category, as they had not been specialists," were from four different hymenopteran families. The genus-specialist P:H ratio for 2 7 8
Malacosoma is therefore between 1.00 and 1.83. Malacosoma have many more "generalists" than Rhagoletis: 68 species have been reared from specific.
2 8 9
Parasitoids have been described for eight of the 14 North American Dendroctonus species, 2 9 0 though for two of these (D. adjunctus and D. murryanae) only one or two parasitoid species are 2 9 1 known. The total list of Dendroctonus-associated parasitoids is long, but the records are also which may or may not be attacked by the same parasitoids. In many studies, parasitoids are listed 2 9 4
as "associates" of either Dendroctonus, or of one of the other species, or of both, but this does Dendroctonus genus-specialists, two possible genus-specialists, and 48 "generalists" 3 0 0 (Supplemental Table 3 ). The genus-specific P:H ratio for Dendroctonus is therefore between Neodiprion is a Holarctic genus of pine-feeding sawflies specializing on conifers in the family host [59] [60] [61] . Many species also have highly specialized feeding habits, and feed on a single or 3 0 9
small handful of host-plant species in the genus Pinus. Since many of the ~33 Neodiprion We found 20 genus-specialist parasitoid species associated with the 21 species of North and an extra-generic host, with nine introduced parasitoids. We also compiled a list of 14 3 2 5
introduced parasitoids, nine hyperparasitoids, and 28 tachinid (Diptera) parasitoids of Neodiprion 3 2 6 (Supplemental Table 4 ), but these were not included in any analyses. rather than ignoring all of the so-called "generalist" parasitoids, one could identify those for 3 4 2 which host ranges are known (e.g., Figure 4) , divide each by the total number of host genera 3 4 3
attacked, and add that fraction to the numerator of the P:H ratio for the focal host genus. As one Malacosoma, Dendroctonus, and Neodiprion, which all have many "generalist" parasitoids with additions should increase P:H ratio estimates by a considerable margin.
3 5 0
Another way to calculate P:H would be to focus not on a host genus but on hosts sharing the species of beetle, and many of their parasitoids are "specialists" in the sense that they attack 3 5 3 more than one bark beetle, but all within the same tree habitat [55] . One could, therefore, 3 5 4 calculate a P:H where H is the number of potential beetle host species in the habitat, and P is the number of "habitat-specialist" parasitoid species (those that attack one or more of the hosts in 3 5 6 that habitat and no other hosts in other habitats).
5 7
Our analyses largely ignore the increasingly common finding that many apparently polyphagous structure that might, if considered here as distinct lineages, change P:H ratios (e.g., [71] [72] [73] [74] [75] ).
Indeed, all four of our focal host genera have named subspecies or show evidence for host- be multiplied many times over in its specialist parasitoid community [46, 79] . If broadly true, this 3 6 8
implies that genus-specific P:H ratios may often be much higher than we report here.
3 6 9
One sensible criticism will surely be: to what extent are the P:H ratios for these four genera communities. As to the former, it may be that such escape artists exist, but they also may be 3 7 4
relatively rare. After all, there are parasitoids that attack aquatic insects [80, 81] , that parasitize 3 7 5
insects in Arctic communities (e.g., [82]), and even those that dig down into soils to unearth and 3 7 6 oviposit into pupae [45] . The list of potential hosts for parasitoids also extends to many non-3 7 7
insect arthropods, including spiders, mites, and nematodes [83, 84] . As to the four example numbers (Table 1) are actually below the means found for their respective orders in an extensive 3 8 0 study of parasitoid communities in Britain [27] , suggesting that these communities are of 3 8 1 average, or slightly below-average, size. While it may indeed be premature to claim that the Hymenoptera is the largest order of insects 3 8 5
based solely on our data, many other studies offer support for the same conclusion. In fact, the forests, as well as in other habits (e.g., [85, 86] ). In addition, a mass-barcoding study of Canadian questioned, including the apparent myth that parasitoids are one of only a few groups whose 3 9 3 diversity decreases towards the tropics [88, 89] . In any case, we hope this commentary results in a 3 9 4 redoubled effort to understand and describe the ecology and natural histories of parasitoid wasps, 3 9 5
including host ranges and cryptic host-associated diversity, such that estimates of P:H can be 3 9 6 made for additional host genera. We also hope to see similar efforts in other animal groups that 3 9 7 may harbor great diversity but for which far too little is known about host ranges, such as particularly speciose orders of mites and nematodes (e.g., [90, 91] . In other words, and to again 3 9 9
quote Erwin [15], we hope that "…someone will challenge these figures with more data." We have no competing interests. 
